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Abstract 23
Blood flukes of the family Spirorchiidae are significant pathogens of both free-24 ranging and captive marine turtles. Despite a significant proportion of marine turtle mortality 25 being attributable to spirorchiid infections, details of their life cycles remain almost entirely 26 unknown. Here we report on the molecular elucidation of the complete life cycle of a marine 27 spirorchiid, identified as Amphiorchis sp., infecting vermetid gastropods and captive bred 28 neonate Caretta caretta in the Oceanogràfic Aquarium, in Valencia, Spain. Specimens of a 29 vermetid gastropod, Thylaeodus cf. rugulosus (Monterosato, 1878), collected from the 30 aquarium filtration system housing diseased C. caretta, were infected with sporocysts and 31 cercariae consistent with the family Spirorchiidae. We generated rDNA sequence data 32 (internal transcribed spacer 2 (ITS2) and partial 28S rDNA) from infections from the 33 vermetid which were identical to sequences generated from eggs from the serosa of the 34 intestine of neonate C. caretta, and an adult spirorchiid from the liver of a C. caretta from 35 Florida, USA. Given the reliability of these markers in the delineation of trematode species, 36
we consider all three stages to represent the same species and tentatively identify it as a 37 species of Amphiorchis Price, 1934 . The source of infection at the Oceanogràfic Foundation 38 3 7 were as described by Chapman et al. (2015) . PCR products were visualised on a 1% agarose 145 gel and submitted to the Animal Genetics Laboratory (School of Veterinary Science, 146
University of Queensland, Gatton, Australia) for purification and sequencing using the same 147 primers as for PCR. 148
Sequencher™ version 4.5 (GeneCodes Corp., United States) was used to assemble 149 and edit contiguous sequences, and the start and the end of the ITS2 rDNA region were 150 determined by annotation through the ITS2 Database (Koetschan et al., 2012) using the 151 'Metazoa' model. 152 153
Phylogenetic analysis 154
Partial 28S rDNA sequences generated during this study were aligned with those of 155 species of Schistosomatoidea available on GenBank using MUSCLE version 3.7 (Edgar,  156 2004) with ClustalW sequence weighting and UPGMA clustering for iterations 1 and 2 157 (Table 1) . The resultant alignments were refined by eye using MESQUITE (Mesquite: a 158 modular system for evolutionary analysis. Version 2.72 http://mesquiteproject.org) and the 159 ends of each fragment were trimmed to match the shortest sequence in each alignment. 160
Bayesian inference and Maximum Likelihood analyses of the 28S rDNA dataset were 161 conducted to explore distinctions and relationships among these taxa. Bayesian inference 162 analysis was performed using MrBayes version 3.2.6 (Ronquist et al., 2012) and Maximum 163
Likelihood analysis was performed using RAxML version 8. performing 100 bootstrap pseudoreplicates. Bayesian inference analysis was run over 170 10,000,000 generations (ngen = 10000000) with two runs each containing four simultaneous 171
Markov Chain Monte Carlo (MCMC) chains (nchains = 4) and every 1000th tree saved 172 (samplefreq = 1000). Bayesian inference analysis used the following parameters: nst = 6, 173 rates = invgamma, ngammacat = 4, and the priors parameters of the combined dataset were 174 set to ratepr = variable. Samples of substitution model parameters, and tree and branch 175 lengths were summarised using the parameters 'sump burnin = 3000' and 'sumt burnin = 176 3000'. These 'burnin' parameters were chosen because the log likelihood scores 'stabilised' 177 well before 3,000,000 replicates in the Bayesian inference analysis. 178 179
3.
Results 180
Morphological analysis 181
The only gastropod found in the holding tanks in the Oceanogràfic Rehabilitation Centre was 182 identified by Dr Rüdiger Bieler of the Chicago Field Museum, Illinois, USA as Thylaeodus 183 cf. rugulosus (Monterosato, 1878) (Caenogastropoda, Vermetidae) (Fig. 1A) . This vermetid 184 species occurs in the western Mediterranean and the central Atlantic (Bieler, 1995 The voucher specimen from C. caretta from Florida is consistent with the genus 246
Amphiorchis, but is too poorly preserved to allow reliable identification to species. Notably, 247 no species of Amphiorchis is known from C. caretta; all five described Amphiorchis spp. are 248 reported from either Chelonia mydas or Eretmochelys imbricata (Price, 1934; Oguro, 1938 Table 2 . 318
The limited material available for examination in the present study did not allow the 319 detailed observations on the anatomy of the intramolluscan stages made by earlier studies 320 (e.g. Wall, 1941a Wall, , b, 1951 . However, the present specimens are broadly consistent with 321 previously described spirorchiid cercariae. All typical features of previously described 322 spirorchiid cercariae were present -substantial size, well-developed eye-spots and ventral 323 sucker, penetration glands occupying space posterior to eye-spots, and a well-developed head 324 organ. We did not detect a dorsal finfold or "cuticular crest" in the present form. In this, it 325 resembles the cercariae of S. artericola, S. elegans, S. elephantis and S. scripta which lack 326 finfolds, rather than those of V. robustum and S. parvus which have them. Overall, it appears 327 that the morphology of spirorchiid cercariae is conservative. hosts and because infections might be rare or localised. We consider that it now makes sense 346 to focus future studies on fissurellid limpets and vermetids. In this context, we note that both 347 families of gastropods have been surveyed for trematode infections previously and shown to 348 be infected. Fissurellids are known to be infected by a hemiuroid and an opecoelid (Cable, 349 1956 (Cable, 349 , 1963 . Vermetids are known to be infected by an echinostomatid, a hemiurid, a 350 mesometrid, a microphallid and a possible opecoelid (Prévôt, 1969 (Prévôt, , 1971a Jousson and 351 Bartoli, 1999) . Despite these reports, we suspect that the nature of these gastropod families, 352 especially the particularly unconventional Vermetidae, has led to them being less studied than 353 many other groups of gastropods. In some parts of the world, vermetids occur in such large 354 numbers that they comprise reef-building organisms (Shier, 1969; Safriel, 1975) (especially Serpulidae) to the extent that some species of the two groups were described in 366 the wrong phylum. We think that vermetids may well occur on turtles, and such infestation is 367 worthy of a specific search. 368
The present study is just the second to report information on marine spirorchiid life 369 cycles, following that of Stacy et al. (2010b) 
